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THE PATHOGENESIS OF DUODENAL ULCER DISEASE IN THE
PANTOTHENATE-DEFICIENT RAT**
A relationship between pantothenic acid and the morphological integrity
of the bowel has been demonstrated by a number of investigators.1" l'-" '"
Among these, the consistent findings of Zucker1 and our own observations
of chronic duodenal ulceration in pantothenate deficiency' have prompted
us to search for antecedent lesions which, though less obvious than ulcer-
ation, might prove to be more specific and informative. And since we have
been aware that the phenomenon of ulceration is readily demonstrable only
in certain strains, it seemed of interest to discover what happened in
pantothenate deficiency to the duodenal mucosa of a strain where ulcer-
ation rarely occurs. Young adult rats were used since they have been
shown to be more prone to ulcer development than weanlings."
MATERIALS AND METHODS
Rats of both sexes (Zucker 9B and 13C strains)' were put on experiment at 30 weeks
of age. They were divided into 10 groups of 12 animals. Each group of 12 consisted of
five experimental and one control animal from each of the two strains. The schedule for
killing and examining each group was designed to cover with wide margins the expected
time of peak ulcer incidence. Accordingly the first experimental group was killed after
it had been on experiment for eight weeks, and subsequent groups were killed at weekly
intervals thereafter. The last group was killed after 17 weeks on experiment. Spontane-
ous casualties could not be studied by the same technique as the rest, and were replaced
from a reserve pool of spare animals. These spare animals were treated like those in
the experimental groups except that their time of sacrifice remained indeterminate until
they were assigned as replacements. Of a total of 19 prematurely dead, autopsies of 15
contributed useful ancillary information.
In order to minimize agonal and post mortem changes in the intestinal mucosa, the
thorax and abdomen of each animal were opened under ether anaesthesia and the
esophagus was cannulated. Worcester's fixative' was allowed to run in under a pressure
of about 15 centimeters of water, filling the stomach, passing the pylorus and expanding
the small intestine without dilating it. Preliminary studies had shown that much higher
pressures actually failed to dilate the duodenum materially, but did produce character-
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istic and readily identifiable artifactual damage to mucosal cells. These changes were
not encountered in our experimental or control material. Rapid fixation of living
mucosa indispensable for this study could be obtained by this method, and villi and
their extrusion zones were preserved from accidental damage. After about a 10 minute
pause, stomach and duodenum were removed from the body, opened with scissors and
pinned out without stretching them. Thus flattened, they were covered with more
Worcester's fixative, this fluid being used to rinse away any foreign material which
might obstruct a clear view of the mucosa. Specimens were then measured and studied
through a dissecting microscope. When they became stiffened, a narrow longitudinal
strip was routinely cut from the entire length of each specimen. This was then sub-
divided into blocks of convenient size for histological sectioning. Additional blocks
were taken as indicated by the character and distribution of lesions. The tissues were
washed in water, dehydrated in ethylene glycol monoethyl ether, cleared in xylene,
embedded in paraffin and sectioned. Sections were stained with eosin and hematoxylin.
Mallory-Heidenhain's connective tissue stain7 was used for studying the chronic ulcers.
Animals were caged individually in quarters that have been previously described.8
The diet was the same as that used in previous experiments.9 It contained, in grams per
hundred grams of diet: vitamin "free" casein 18.0, glucose 71.85, modified Wesson
salt mixture 6.1, cotton seed oil 2.0, cellulose flour 2.0, with 1-cysteine hydrochloride
0.05 added as an antioxidant, and a supplement of 0.2 per cent 1-cystine. The vitamin
supplement for the experimental animals contained, in milligrams per hundred grams
of diet, thiamin hydrochloride 1, pyridoxine hydrochloride 1, riboflavin 2, niacin 4,
pteroyl glutamic acid 0.2, biotin 0.02, B1i 0.0012, inositol 20, para aminobenzoic acid 10,
and choline 100. The control diet contained in addition 4 mg. of calcium pantothenate
per 100 grams of diet.
RESULTS
5TRUCTURE OF THE RAT DUODENUM
The duodenum of the rat differs in several respects from that of the
human being whose well-defined length of 12 fingerbreadths gave rise to
the name. For example it hangs from a mesentery, and is thereby free to
alter its shape considerably by muscular contraction and relaxation. It
seems at first sight to be only arbitrarily distinguishable from the rest
of the small intestine. However, repeated observation has shown that the
small intestine of the rat regularly makes a brief initial loop ventrally
and to the right after leaving the pylorus. On its return to the midline,
at a level between the fourth and fifth lumbar vertebrae, it makes a sharp
turn cranially and is bound caudally and dorsally by a restricting peritoneal
fold or ligament, which is attached in some cases to the sigmoid mesocolon,
and in others to the dorsal parietal peritoneum just to the right of it. (This
structure has also been observed in Sprague-Dawley rats, and in wild
specimens. A similar or identical ligament occurs in mice.) For purposes
of this study, the point of attachment of this "duodenocolic ligament" is
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considered to mark the end of the duodenum (Fig. 1). Prepared in the
manner described above, the duodenum in our animals averages about
7 cm. in length. Brunner's glands were found to be restricted to the first
half centimeter of bowel. These glands form an annular mass which is
thickest immediately beyond the pylorus and which tapers distally to
become discontinuous and then vanish. No valves of Kerkring are present.
However, close to the pylorus, villi form long transverse ridges which are
continuous for nearly the entire circumference. These ridges become pro-
gressively shorter toward the aboral end of the duodenum where they
finally appear as equilateral triangles with rounded apices, still lying
transversely. The crypts (or glands) of Lieberkiihn generally lie tightly
packed in the mucosa with a minimum of visible reticular supporting frame-
work. They are deepest close to the pylorus. Focal round cell infiltration
between crypts is not uncommon. The villi occasionally show fringes
of deformed and sometimes partly necrotic epithelium at their tips (Fig. 2).
These "extrusion zones"' consist of epithelial cells at the end of their
life cycle which begins in the crypts. From there they are gradually
displaced out onto the villi to be thus eventually sloughed into the lumen
of the bowel. Extrusion zones are easily broken off, both during life and
artifactually, when their location is marked by a slight notch in the epi-
thelium or by a single shrunken cell. The remarkable persistence of these
structures in our material made them useful markers for identifying loci
of completely atrophied villi in the experimental series (for example,
Fig. 9).
LESIONS
The times of appearance and the relative severities of principal duodenal
lesions are illustrated in Figures 3 and 4. From these it will be seen that
grossly visible changes are rare before the 13th week. Values for Figure
3 were arrived at by rating lesions in each individual animal on an arbitrary
scale of zero to four-plus, then adding them up. This sum is represented
on the ordinate. Figure 3F shows a simple combining of the ordinate
values of the five preceding graphs. For convenience the ordinate scale
is such that four units occupy the space of one previously used. Irregular-
ities, particularly noticeable where values in the graphs are low, reflect
the method of microscopic observation which of necessity was a sampling
and not a complete inventory by serial section. There is an apparent
lowering of values for lesions after the 13th week, which may be due to
the relatively early mortality of the more susceptible animals in the
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experimental groups, and to their replacement by necessarily more hardy
individuals from the reserve pool.
Crypt enlargement (Fig. 3A). This change which first occurs in
animals of the more susceptible strain (13C), is among the earliest en-
countered. In such cases an occasional crypt stands out because it is
dilated, and its diameter exceeds that of any crypt in the control group.
There is no evident accumulation of secretion to account for this. The walls
of such a crypt tend to buckle (Fig. 5) as though growth had continued
(attested to by visible mitotic figures), while normal passage of cells
out onto the villi had been interrupted. The condition becomes pro-
gressively widespread as the deficiency state grows more severe. These
changes are also visible in Figures 6, 8, 10, and 14.
Increased space between crypts (Fig. 3B). In its early stages, this is
a diffuse condition rarely impressive in one focus. It may represent slight
edema of the lamina propria, and also be a manifestation of dilatation of
the duodenum as discussed below. In more advanced deficiency, mucosal
edema plays a more definite role, and may involve the submucosa. Cellular
infiltration (predominantly lymphocytes and plasma cells) also appears
between crypts, and crypt atrophy accentuates the condition. Figures 6
and 7 illustrate many of these features.
Crypt atrophy (Fig. 3C). The condition is defined to include crypts
narrower than any seen in the controls, and may represent an end stage
for crypts which had previously undergone enlargement. Reduction in
size as well as number of crypt cells is involved (Fig. 7). Appearing
early in the series as an isolated phenomenon, it later becomes widespread
in certain segments of duodenum.
Loss of villi* (Fig. 3D). This change generally appears gradually, as
successive villi are scanned in a longitudinal microscopic section. There
is a lowering and thickening of villi (Fig. 6), and probably as part of
the same process, a transverse shortening which can be seen grossly.
Qualitative epithelial changes upon such modified villi, insofar as they
may be detected by the methods used in this study,' do not appear to be
indispensable to the process, for in some cases low villi and even "villus
stumps" are covered by epithelium which appears normal in all respects
(Fig. 8). However, as in Figure 6, the epithelium between villi may be
* Throughout the discussion of villi, length is measured transversely to the axis of
the duodenum, height refers to the extent of projection into the lumen, and thickness
is measured through the individual villi, longitudinally to the axis of the duodenum.
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Polume 36, October 1963FIG. 1. Ventrally placed viscera have been drawn to the left. The duodenum is thereby
exposed, and is being drawn to the right with forceps. The "duodenocolic ligament" is
stretched and is visible caudal to the forceps.
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FIG. 2. This photograph is of a transverse section through the tip of a villus in a
control animal. It shows the extrusion zone projecting upward and slightly to the left
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flattened and hyperchromatic. In late stages where the loci of villi can
be recognized only by surviving remnants of extrusion zone (Fig. 9,
compare also Fig. 7), or by the relationships of crypt mouths, the
entire epithelium shows marked signs of deterioration. Under these cir-
cumstances the epithelial changes illustrated in Figure 6 are extended, and
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a darkly staining low nearly cuboid cell layer may be replaced by a flattened
simple squamous epithelium, or eventually by a hyperchromatic and ap-
parently devitalized eschar (Fig. 10).
In order to determine whether there was any site of predilection for this
lesion, the proximal, middle and distal thirds of the duodenum were con-
sidered individually, and rough estimates were made of the per cent of area
denuded of villi (see Table 1). An over-all total for both strains was
found to indicate that the greatest degree of villous denudation occurred in
the first third of the duodenum. The extent of denudation was greatest
TABLE 1. VILLOUs DENUDATION
Total 13CS 9BS
Number of animals showing
villous denudation 29 11 11
Es'timated average
area denuded Per cent Per cent Per cent
First '/3 20 25 15
Second '/3 15 20 5
Third '3 15 20 5
in the 13C strain, while the tendency to favor the first third of the duodenum
was most pronounced in the 9B strain (compare Fig. 15).
Ulceration (Fig. 3E). This process occurs generally where villi have
been lost. In many cases a sloughed extrusion zone or break in the eschar
appears to be the initial site, which soon becomes occupied by poly-
morphonuclear leucocytes and fibrin (Fig. 11, also Fig. 10). As these
micro-ulcers are often close together, it seems likely that larger ulcers
result from the fusion of smaller ones. And because of the spatial gradient
from intact villi to total loss of villi mentioned above, ulceration usually
begins at the center of an avillous area. It is probable that these lesions
enlarge centrifugally, perhaps aided by secondary bacterial invasion and
the acidity of the duodenal contents,' so that larger ulcers may some-
times show a rather abrupt transition at their margins from atrophied
mucosa to mucosa that is relatively intact. Figure 12 shows the gangrenous
margin of a large perforated ulcer which appears to have grown in
this manner.
Inflammation and repair associated with ulceration vary from acute
exudation to the formation of chronic granulomas. The former response
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is typical of the smaller lesions. Larger ulcers generally have a floor
composed of a thick mass of granulation tissue. Frequently this replaces
all the layers of the duodenal wall and may extend beyond into the pan-
creas (Fig. 13). It may at times extend laterally beneath a still relatively
intact (unulcerated) mucosa, forming a lenticular mass. The granuloma
and neighboring structures are infiltrated with leucocytes to varying degrees.
These reactions frequently involve arteries and arterioles with occasional
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FIG. 4. The duodenum becomes dilated from the 13th week on diet onward. Points
representing the experimental groups of each strain are averages of five animals.
Those representing controls are values for single animals. This paucity of control
values is due to our failure to anticipate the desirability of these measurements when
the experiments were planned. Nevertheless values of these controls fall within a
sufficiently narrow range to make them comparable among themselves, and to suggest
that the duodenum does not increase significantly in circumference in normal animals
in the time and age period of the experiments.
occlusion. Evidence is insufficient to determine the role of arterial occlusion
in individual cases, but arteritis involving one or more coats of the vessel
wall is visible in many sections where no ulcer was in question. Epi-
thelial regeneration is not conspicuous. Sometimes a single layer of flat
cells extends for a short distance over the edge of an ulcer granuloma
(Fig. 14).
Figure 15 is a diagram of the duodenum laid open by a cut made
to the left of the mesenteric attachment and parallel to it. It shows the
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relative approximate size and location of all grossly visible ulcers. They
were about three times more common in the first third of the duodenum
than in each of the other two thirds.
Dilatation of the duodenum. The most striking gross finding encoun-
tered when a rat severely deficient in pantothenate is opened, and before
any fixative has been injected, is the shortening and widening of the
duodenum. In one animal that died with a large perforating ulcer, this
suggested in appearance a second stomach in tandem with the first.
Figure 4 illustrates the time of onset and degree of this change in the
two strains. Individual variation is marked. It will be seen at once that
the rise in these curves begins at the time when the incidence and severity
of other lesions also begin to increase.
This wide distension of the duodenum remains unexplained. A study
of the fibrous submucosa which is the static source of tensile strength
of the bowel, reveals no morphological alteration. The ganglia in the
duodenal wall give no consistent evidence of damage, although paralysis of
circular muscle and contraction of longitudinal muscle are suggested by the
gross appearance in severe cases. There are no associated lesions in
the muscle layers themselves.
DISCUSSION
PANTOTHENIC ACID DEFICIENCY IN ANIMALS
In undertaking a comparison of our data with those published by others
it was soon recognized that while lesions in the intestinal tract attributable
to pantothenate deficiency have been reported by a number of authors,
few precise analyses have appeared. Fouts' and Schaefere' reported gastro-
intestinal lesions in pantothenate-deficient dogs. The former found ulcers
in the stomach, duodenum and ileum in two out of seven animals. No
histological examination was made. The latter reported "slight to severe
enteritis," and several instances of intussusception. Sheppard and John-
sone observed the effects of pantothenate deficiency on calves. Their
animals had diarrhea and "much inflammation and hemorrhage throughout
the intestinal tract." Rapidly progressive pneumonia was a common
cause of death.
Berg, Zucker and Zucker1' first announced the occurrence of duodenal
ulcers in adult pantothenate-deficient rats of a strain which the latter
authors had developed, and from which our own rat stocks are descended.
As in our material, they found duodenal ulceration both acute and
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Volume 36, October 1963FIG. 5. Enlarged crypt of Lieberkuhn. This change is the earliest detected in the
duodenum of pantothenate-deficient rats (x 560).--
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chronic, superficial and deep, with occasional perforation. There was loss
of duodenal villi, with flattened epithelium upon the exposed avillous
surfaces. Vitale, et al.' using weanling albino "Charles River" rats on a
diet whose deficiency was mitigated once a week with a complete ration,
reported only "scattered petechiae and thinning of the mucus membrane"
of the intestinal tract. Zucker' in a paper which reaffirmed his earlier
findings, presented data showing the indispensability of the adrenal cortex
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FIG. 15. This diagram of the duodenum shows the locations of all grossly visible
ulcers encountered in this study.
for ulcer production, and demonstrating an increased gastric secretion
and acidity in pantothenate-deficient rats of the ulcer-susceptible (13C)
strain. In contrast, the ulcer-resistant (9B) strain showed no significant
change in acid secretion. He emphasized that adult animals were preferable
for demonstrating the lesions. The findings of Berg'7 are at variance with
our own in a number of respects which may be attributed to differences in
technical methods. We are in agreement that duodenal ulceration can
develop in pantothenate-deficient rats.
A far more extensive morphological study has been made of pantothenate
deficiency in swine. Wintrobe, et al.' described a severe ulcerative colitis
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in pigs started on the deficient diet at weaning. Here the primary lesion
was an accumulation of leucocytes within the lumina of crypts whose lining
cells became atrophied. As this exudate increased, the lumina of the
crypts became converted into abscess cavities which ruptured onto the
surface of the mucosa, producing ulcers which later increased in size.
No mention was made of hyperplastic crypts or of widening of their
lumina in the absence of accumulated contents, as encountered by us in the
rat duodenum. This finding was, however, mentioned by Sharmae9 whose
general description is in agreement with that of Wintrobe. Sharma also
noted marked periglandular infiltration with leucocytes. These findings
were confirmed by Stothers.2' Goodwin2' indicated that some of his panto-
thenate-deficient pigs died from perforation of intestinal ulcers.
Although it is usually stated that in pantothenate-deficient swine the
colon is the most severely affected portion of the alimentary system,
inflammation involving the entire gastrointestinal tract has been reported
by Hughes;' there were no microscopic studies. Moreover lesions in the
porcine colon may not differ as fundamentally from those of the rat
duodenum as first appears. In Wintrobe's pigs, (as in Sheppard and John-
son's calves) infection was a conspicuous complication which may have
obscured an initial primary lesion. This might have been expected if
findings regarding the relationship of pantothenate deficiency in rats to
natural resistance to infection can be extended to other species."'9 Wintrobe's
animals were well within the age range where this effect might be ex-
pected to predominate. Sharma's were slightly older, and it is perhaps
because of this that, like our rats, they showed crypt hyperplasia. Infection
appears to have been less prominent in these animals. To account for a
predominance of lesions in the colon, a suggestion might be borrowed from
Warren and Sommers'2' discussion of human ulcerative colitis: that
intestinal hypermotility might introduce gastric and small intestinal enzymes
into the colon in undue concentration. Diarrhea is usually reported to be an
early and prominent feature of pantothenate deficiency in the pig, but this
is not seen in the rat, whose flaccid and distended duodenum rather
suggests stasis.
PANTOTHENIC ACID DEFICIENCY IN MAN
At the present state of our knowledge, naturally occurring pantothenic
acid deficiency in human beings cannot be said to be impossible or even
unlikely. Direct experimental observation of its manifestations has been
limited to acute short-term deficiency in only 14 volunteers, all of whom
iso
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were chosen for the excellence of their previous health.2` Certainly no
"ulcer susceptible" individuals were selected. Nevertheless at least half
of these subjects developed notable digestive disturbances including de-
pression of gastric secretion. This is similar to Zucker's reported findings
in rats,' where hyposecretion in the fifth and sixth week of deficiency
later gave way, by the eighth week and subsequently, to an ever in-
creasing hypersecretion. The authors"" comment at some length upon the
variability of the responses they observed, both from one individual to
the next, and in the same individual from time to time. They conclude
from their experience that requirements for pantothenic acid may vary
many fold, even within a small group of subjects, a proposal consistent
with our own and Zucker's observed strain differences in rats, and those
of Luecke in pigs.'"
Particular difficulties are thus involved in establishing a widely ap-
plicable minimum requirement for pantothenic acid in man, and a custom-
arily reliable criterion, the correction of obvious signs of deficiency, is
unavailable. Another approach, the results of which appear to be widely
accepted, is that of Williams'S who recommended levels of intake based
upon analyses of ". . . a well-rounded mixed diet that might be recom-
mended for human beings, and a widely used commercial animal food
which promotes excellent performance in omniverous animals . . . ," and
also of rat carcasses. Pantothenate levels in the three were found to be
of the same order of magnitude. There appears to us to be a vicious circle
in the use of an "adequate" diet to determine dietary adequacy. The level
of pantothenate in an animal carcass will vary with its intake of this
vitamin as well as of other substances, notably ascorbic acid."'S In a
more recent investigation Chung, et al.' analyzed a series of meals con-
sidered adequate by published standards.'M By microbiological assay
they found that this diet provided approximately 15 mg. of pantothenic
acid activity per day, and quote Williams to the effect that this is sufficient,
with, however, the reservation that "there is little basis for judging the
adequacy of this level." The oral intake of vitamins does not always
represent the total amount made available for metabolism. Intestinal bacteria
may inactivate or consume them; or, as suggested by AlthausenM with
reference to tropical sprue, certain individuals may have a constitutional
impairment of intestinal absorption which becomes clinically manifest
only in times of metabolic stress. Finally, therapeutic success reported
for pantothenate administration in human peptic ulcer873' and in post-
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operative ileusa might be explained in terms of a correction of a relative
deficiency.
Deficiency of pantothenic acid alone still appears to be a clinical im-
probability in human beings, unless the principle of an "error" in meta-
bolism is invoked. The precedent for multiple deficiency is seen in such
conditions as beriberi and pellagra where, although the lack of one food
factor tends to dominate in each case, an insufficiency of others contributes
to the full expression of these syndromes. It is interesting to read that
human subjects deprived of both pantothenate and pyridoxine suffered
distressing recurrent nocturnal epigastric pain unrelieved by water.' Pro-
tein of proper quality is known to be of benefit to pantothenate-deficient
animals'-`5 and protein deficiency has been reported to produce alimentary
ulcers." Pteroyl glutamic acid may likewise have some trophic effect upon
alimentary mucosal cells if this may be inferred from the reported effects
of its antagonists.' Whether these substances or others play a role in
this hypothetical deficiency syndrome is a matter of speculation.
COMPARABLE HUMAN LESIONS
Until the application of biopsy and endoscopy to the problem, pub-
lished descriptions of the human duodenal mucosa adjacent to a peptic
ulcer have been rare, autopsy material being on the whole unsatisfactory
because of autolysis. Doniach" described a single such biopsy as showing
"shortened and blunted" villi, a thin mucosa, and distended glands.
Cellular infiltration was not excessive. Aronson and Norfleet'7 obtained
specimens from the proximal duodenum of 18 patients who had active
symptoms and X-ray evidence either of duodenal ulcer or of deformed bulb.
Four of these showed "duodenitis," (a term that is widely used, but
which places improper emphasis on inflammation) with blunting of villi
and cellular infiltration of the mucosa in each case. One had totally avillous
areas; two others had no goblet cells. The X-ray diagnosis of duodenitis
in three other patients was confirmed by biopsy only in one of them. They
concluded that this lesion, though rare in patients with duodenal ulcer,
is a condition "probably related to the duodenal ulcer diathesis." The
correspondence of these descriptions to our findings in rats is of consider-
able interest, but more details regarding epithelium and crypts would be
desirable. The photographs accompanying Aronson and Norfleet's paper
suggest a lowering of surface epithelium to a cuboid form, and a widening
of crypts. As for the rarity of duodenitis in human beings, if the dis-
tribution and extent of lesions are varied as are those of the rat, single
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biopsies unguided by gross observation could be expected to produce a
certain proportion of false negative results. Ostrow' expresses the view
that hyperchlorhydria, duodenitis, and duodenal ulcer are successive stages
of one disease, reversible by appropriate therapy; and this concept is
stated by Demole to have existed in Europe for thirty years. Hirschowitz,M
supplying endoscopic data on a large number of patients, is in essential
agreement with this stated relationship between duodenitis and duodenal
ulcer disease.
Wintrobe68 in discussing his findings in the pantothenate-deficient pig,
calls attention to the resemblance of these lesions to those of human
chronic ulcerative colitis. He concludes however that "with the present
evidence . . . this is a matter only for speculation." In 1949 new con-
tributory evidence was supplied by Warren and Sommers' in a
morphological analysis of 104 cases of ulcerative colitis from which they
derived two basic patterns of pathogenesis. The more common of these
begins with an accumulation of polymorphonuclear leucocytes within the
lumina of crypts. The crypts become distended with exudate, and the
resultant abscesses rupture into the adjacent lamina propria, thereby
extending the process and undermining large areas of mucosa. The
abscesses also ulcerate onto the surface of the mucosa. Subsequent chronic
developments are secondary to this process which occurs repeatedly in
successive exacerbations of the disease.
It is generally conceded that malnutrition is commonly associated with
human ulcerative colitis.= Warren and Sommers reported fatty liver among
their cases in 33 of 60 autopsies; and there was focal hepatic necrosis
in six cases, with cirrhosis in another three. The question might be
raised as to whether evidence truly indicates malnutrition to bea consequence
of chronic ulcerative colitis, or whether it in fact may antedate the onset of
the disease. These similarities between the findings of Wintrobe, et al.
and of Warren and Sommers make a detailed histological study of chronic
pantothenate deficiency in somewhat older swine seem most desirable.
SUMMARY
1. The duodenum of the rat is defined in terms of objective anatomical
landmarks.
2. The anatomical results of pantothenic acid deficiency upon the rat
duodenum were studied by special methods in two strains, known to
differ in their responses to such a diet.
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3. Duodenal changes were severe in one strain, mild in the other. They
consisted of:
(a) initial enlargement and hyperplasia of the crypts of Lieberkiihn,
(b) increase in space between the crypts due to a combination of factors
that included widening and shortening of the entire duodenum,
(c) eventual atrophy of crypts,
(d) diminution in size of villi with eventual loss of these structures,
(e) transformation of surface epithelium into cuboid or flattened cells,
(f) ulceration of the mucosa with the development of progressive per-
forating or chronic lesions.
4. The relation of these lesions to those described in the alimentary tract
of other species, including man, is discussed.
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